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During  the  period  April  1 to  July  1 the  Basse  personnel  vere  involved 
as  in  the  previous  period.  Research  has  ccntinued  along  three  lines:  (l) 

study  of  development  of  photosensitivity  on  eesiusi  addition.*  (2)  study  of 
photocathode  composition,  and  (3)  study  of  structures  of  ceaium  oxides. 
The  chief  results  are  sussarlzed  in  the  next  section  and  several  experl- 
u£nto  wc  tuan  dt-'ttur  1 feu  in  more  detail. 


SUKMABY 

In  t.he  last,  progress  report  an  account  was  given  of  several  experi- 
ments in  which  cesium  was  slowly  added  to  an  oxidised  silver  sheet  and 
thermionic  emission  measured  continuously  during  the  process.  Two  maxim 
in  thermionic  emission  were  found,  and  phototubes  vere  prepared  at  each 
of  several  stages.  The  results  indicated  (l)  that  the  rate  of  reaction 
in  the  solid  phase  of  the  cathode  was  slow,  (2)  the  best  photocathodes 
were  obtained  if  the  cesium  addition  was  stopped  near  the  second  maximum, 
and  (3)  not  all  of  the  higher  cesium  oxides  (^2^3#  CeOp  etc*)  v©re  con- 
verted to  Cs2^‘ 

During  the  present  quarter  this  study  has  been  continued.  Very  small 

capillaries  have  been  used  to  limit  the  cesium  flow  rate,  and  in  addition, 

♦ 

photoelectric  emission  has  been  followed  continuously  during  cesium  addi- 
tion by  means  of  a set  of  infrared  filters . The  capillary  diameters  and 
lengths  have  bo»»n  nwwmri?^  «o  that  cesium  fie*-  rates  could  be  calculated, 


and  hence  the  composition  could  be  followed  as  a function  of  the  time. 

As  1 eportea  previously,  two  maxima  in  thermionic  emission  are  found.  Two 
corresponding  maxima  In  photoe l*-'-*' r ic  emission  are  also  found,  out  the 
.her m3  on in  and  photoelectric  yields  are  not  proportional.  Subject  to  some 

’t-  next  section , the  gross  Cs/0  atomic  ratio 


■ -ii  g ~ J 


is  .lees  tMar*  r. 


is  appreciable „ Thus  at  tne  Maximum  thermionic  emission  the  cesium  con- 
tent ia  signif  leant  1/  less  thin  that  carre  spending  t-o  CsjO.  This  tends 
to  support  the  id*a , previously  advanced,  that  Ca2 0 Is  not  the  oc.  y oxide 
in  the  pfcctoctthode  at  equilibria*  although  it,  must  be  ‘the  one  pressnt  in 
major  amount  &u  the  x-ray  vork  previously  raported  establishes. 

By  cooling  the  ceeium  source,  and  thus  effectively  stopping  the  ~zzi. un 
flov  at  various  stages,  some  further  information  concerning  the  mechanism 
of  reaction  ha*  beau  obtained.  In  tha  early  stage*  of  fabrication,  inter- 
rupting the  cesium  addition,  leads  to  an  immediate  drop  in  'Doth  thermionic 
emission  and  infrmred  response.  In  the  neigh '‘►orhivtd  of  the  first  maximum, 
interruption  of  cesium  flow  cauwss  a marked  increase  in  emission  to  a 
maxl&ui  followed  by  a decrease  . As  the  second  maximum  in  the  thermionic 
emission  is  approached,  interruption  of  cesium  flow  again  leads  to  an 
Increase  in  emission,  but  the  subsequent  decrease  is  now  slow.  Slightly 
Deyond  the  second,  maximum,  interruption  of  flov  leads  to  increase  of 
emission  to  a stable  maximum,  no  subsequent  decrease  'being  observed.  These 
observations  are  accounted  for  if  ve  assume  the  reaction  to  oe  diffusion 
controlled,  the  diffusion  occurring,  perhaps,  through  a layer  of  Cs^O. 

On  this  layer,  another  layer  of  onreected  cesium  accumulates,  If  this 
cesium  layer  is  too  thick  or  too  thin,  the  work  function  is  high  and  sals  - 
aion  is  low.  Thus  in  the  early  stages  where  the  C«20  leyer  is  thin,  reac- 
tion i-  i fcod  only  a urun  cesium  layer  forms.  On  cooling  the  source, 
this  cesium  layer  becomes  even  thinner  and  emission  drops.  As  reaction 
proceeds  the  hs-f  be- oat  a thicker  and  the  i«iotion  rate  is  gets, 

tiros  permitting  h thicker  cesium  layer  to  develop,  en?l  at  some  sh*ge  this 
thickness  exceeds  that  corresponding  co  mLnimua  work  function.  Beyond 
ti‘  *'.  >'•'  uC , interruption  of  ctsl-m  flow  is  accompanied  by  further  reaction 


which  reduces  the  cesium  film  thickness.  Since  this  thickness  now  passes 
through  that  of  min: :?o>Sr  work  function,  a «*-•*-!  wins  in  emission  occura.  At 
a still  later  stage  the  Cs^O  layer  becomes  so  thick  that  decline  frr^  the 
Maximum  is  not  detected  during  the  time  of  observation.  'Os is  say  be  due 
to  the  fact  that  there  is  still  Just  enough  cesium  flow  to  balance  the 
reaction  rate.  A more  likely  explanation  is  that  only  a fraction  of  a 
monolayer  of  cesium  is  required  for  minimum  work  function  and  the  reaction 
rate  la  propart local  to  the  surface  concentration  of  cesium.  As  the  sur- 
face concentration  is  reduced  the  reaction  rate  falls  to  such  a low  value 
that  it  is  no  longer  perceptible  in  these  experiments.  This  model  seems 
quite  plausible  and  is  in  accord  with  the  results  of  other  investigators. 
-That  C is  the  rate  limiting  layer  is  also  plausible  both  because  its 
presence  is  established  by  x-ray  investigation  and  a Is  U ause  no  suboxide 
of  cesium  (Cs^O  etc.)  is  stable  at  the  tc-sqperature  of  these  experiments 
(l90°C).  Bile  mechanism  seems  plausible,  but  further  experiments  are 
continuing  in  order  to  test  further  the  hypotheses.  The  experimental  basis 
for  this  mechanism  is  discussed  in  section  B. 

Two  further  points  are  of  interest.  In  the  first  place  much  evidence 
has  accumulated  which  shows  the  pronounced  influence  of  extremely  small 
amounts  of  cesium  ca  the  infrared  response.  The  effect  is  especially 
marked  at.  -enoii  temperature,  since  the  reaction  rates  are  LI»cu  too  b*siH 
for  readjust sent  to  occur.  Contamination  of  the  photocathode  by  excess 
cesium  r-ooE  t-uBqporature  results  in  a marked  loss  in  photosensitivity, 
especially  in  the  inficuetl.  This  car  isuaiiy  oe  reversed  by  heating  the 
tube.  Bse  second  point  of  interest  cone eras  the  effect  of  temperature  on 
oh-'.-toelectri " : -id  As  the  temperature  Is  lowered  from  i-c  C to  room 


temperature,  the  yield  increases  Markedly,  especially  in  the  infrared. 
Factors  of  two  or  more  are  common . This  is  reversed  on  reheating  the 
tube.  Although  this  behavior  has  been  repeatedly  observed  on  cathodes 
fabricated  in  this  laboratory,  the  phenomenon  ie  apparently  not  of  gen- 
eral occurrence  since  commercial  cathodes  are  only  slightly  changed  In 
response  heating.  The  phenomenon  is  not  clearly  understood  at  present . 

The  determination  of  photocathode  composition  by  radioactive  tracers 
has  progressed  fairly  rapidly.  Silicon  - cesium  chromate  mixtures,  which 
produce  cesium  on  heating,  have  been  made  containing  radioactive  cesium 
tracer,  and  means  for  accurately  determining  the  tracer  content  have  been 
worked  out.  Several  experiments  have  been  performed  in  which  the  cesium 
content  of  the  photocathode  has  been  determined.  The  Cs/O  atomic  ratio 

best  phototubes  is  invariably  less  than  corresponds  to  Cs^O.  She 
results  are  not  yet  firmly  established  because  the  quality  of  photocathode 
is  quite  variable.  Some  have  lower  infrared  sensitivity  than  is  expected 
on  the  basis  of  previous  experience  in  the  fabrication  of  similar  cathodes, 
so  further  work  is  required.  Other  questions  concerning  cathode  sputter- 
ing have  also  been  raised  which  must  be  settled  before  the  conclusions 
become  firm.  The  radiotracer  method  Itself  is,  however,  quite  single  and 
effective.  The  problems  arise  in  phototube  fabrication.  One  result  of 
imprest,  which  seems  iirriy  estaDiisheo,  is  the  rather  large  amount  of 
cesium  which  appears  on  the  glass  walls.  A blank  glass  disc,  with  the 
same  area  as  the  photocathode  is  used  to  protect  the  cathode  back  from 
radioactive  tracer.  'Biis  disc  has,  after  processing,  an  activity  of  about 
of  tne  catnode . ill  ace  the  total  area  of  gloss  envelope  is  considerably 

x-at£i  than  the  cathode  area,  s.  considerable  fraction  if  ceeiun  (about 

, . __  __\  _ _ - . . 
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interest  for  tube  fabrication,  because  the  distillation  of  even  a tiny 
fraction  of  this  cesium  to  the  cathode  at  room  temperature  would  result 
in  a narked  loss  in  photosensitivity.  Whether  the  cesium  on  the  walls  Is 
merely  adsorbed  or  whether  it  has  reacted  with  the  vails  to  form  an  oxide 
or  other  compound  is  not  known  at  present.  The  composition  investigation 
is  continuing. 

The  crystal  structure  of  C82C  has  been  further  refined  by  means  of 
more  careful  intensity  measurements,  introduction  of  temperature  correc- 
tions and  other  refinements.  Using  the  experimental  intensities,  a Fourier 
projection  of  electron  density  has  been  computed  and  seems  to  indicate  some 
polarisation  of  Cs+  in  the  crystal  field. 

Several  experiments  are  discussed  in  more  detail  in  the  following 
sections ■ 


b.  DKTSLcnoeirr  (v  THsaaomc  asd  pbotoictjctbic  jqobsxos 

By  modifications  in  the  experimental  equipment  and  in  the  fabrication 
procedure,  it  has  been  possible  to  record  continuously  the  theroi-  :1c  emis- 
sion and  to  determine  periodically  the  response  of  the  cathode  to  light 
transmitted  through  a series  of  filters.  The  experimental  details  of  this 
investigation  are  presented  in  the  following  section.  Because  of  the 
reproducibility  of  the  results,  the  complete  data  for  each  cathode  prepared 
are  not  presented,  but  rather  the  results  are  discussed  in  terms  of  the 
nhenomena  investigated  and  observed. 


Sxper  1 me  a 
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To  i u ve si.  i te  conveniently  ono 
oioo'rtr  emission  during  cesium 


development  of  the  thermionic  and 
addition-  it  *as  necessary  fco  sake 


several  modifications  in  thi  equipment.  and  in  fabrication  procedure  for 
the  preparation  of  n&ssive  cathodes.  A schematic  drawing  of  the  equipment 
used  during  the  formation  of  the  final  photoaurface  is  shown  in  Fig*  i* 

She  theralao-tc  emission  during  the  fabrication  wue  continuously  nea- 

oiii  cu  wxxr  < a ui » wa i ^ wu.  ccr  ccuplcu  to  * he  Brovn  cs c orl  - r - 

©ie  input  resistance  to  the  vibrating  reed  ary  be  varied  from  10®  to  10® 

ohflB  by  powers  of  10.  this  permits  the  recording  of  currents  from 

n _i 

4.55  x 10  to  4.2  x 10  amperes  full  scale  recorder  deflection.  Hie 
thermionic  and  photoelectric  e ala  a ion  data  are  reported  as  millimeters  of 
recorder  deflection  on  the  10^  aha  input  resistor  range  for  which  the 
sensitivity  1b  0.15  pa/aaL. 

The  photoelectric  emission  characteristics  of  the  cathode  during  tic 
caaium  addition  are  measured  by  illumination  of  the  cathode  with  light 
fro®  a G.2*  So.  31,  6.2-volt  bulb,  passed  through  a series  of  filters. 

The  light  filter  carrier  and  the  bulb  are  mounted  in  a two-inch  diameter 
braes  tube  vb-5  ch  passes  through  a hole  in  the  door  of  a Cenco  No.  95050 
ovan.  The  experimental  tube  was  mounted  with  the  cathode  in  the  light  beam 
as  shown  in  Fig.  1.  Haring  the  cesium  addition  the  tube  was  periodically' 
illuminated  by  the  light  transmitted  through  the  filters,  and  tne  photo- 
electric current  was  measured  on  the  Brown  recorder  ’using  the  thermionic 
emission  as  the  base  line.  With  the  light  source  used,  the  photoelectric 
response  was  always  large  enough  to  be  readily  measured . 
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The  five  filters  used  in  tie  investigation  were 


Pi  - clear  glass 
F2  - Polaroid  XSjC-oO  a>  775 
F3  - Polaroid.  Ika-3u  ,\>  830  t^i 
PH  - Corning  2 5 HO  A > 800  a^x 

P5  - Polaroid  XUS-lH  A > 860  *1 

The  spectral  response  of  a 1P25  phototube , determined  by  p&SBing  the  light 
beam  from  the  Beckman  DC  spectrophotometer  through  the  corresponding  fil- 
ters is  ehovn  in  Pig.  2.  In  this  figure  it  is  worth  noting  that  the  F2 
response  measures  the  infrared  response  beyond  775  without  introducing 
a large  absorption  correction  for  wave  lengths  beyond  900  - In  addition, 

a cathode  which  has  an  appreciable  response  beyond  900  ^ must  have  a 
t k.-* t-1  y large  Pt  response.  Thus  the  ratio  P2/(P1-P2)  may  be  used  ar  an 
approximate  measure  of  the  Infrared  response  relative  to  the  visible  spec- 
trum response. 

The  procedure  for  the  preparation  of  a tube  was  modified  in  the  fol- 
lowing Manner ■ After  the  oxidation  and  the  firing  of  the  cesium  pellet 
in  the  side  tube,  the  tube  was  tipped  off  the  vacuuw  system.  It  was  then 
mounted  in  the  tube  holder  attached  to  the  door  of  the  190*C  oven,  the 
cathode  being  in  position  to  receive  the  light  beam  from  the  filter  system. 
The  1 end  r.  to  the  v 1 t 1 c . A 1 • 1 a_a.  ici  .n  t ^ uuun  ^ ucu  uu  u^icr  c u.  oe  a nxi 


the  oveu  door  was  closed.  As  the  tube  van  heated  to  190°C  and  cesium  was 
added,  through  the  capillary,  uhe  thermionic  emission  was  continously 
recordpi’  the  photoemissioc  yes  periodically  oeaoured. 

The  rate  of  the  cesium  addition  during  the  tube  preparation  was  de- 
li?- Qj,  etiarae  >.tr  .1 1. tiro  ot"  uie  cepi  11  ’cnneo-M  ry  ceciii 1 


.emu.  > ho. 


of  jf*  it  S' 

pvt  / if  tTa’ftvr%  /** 
t~h%  / Mciif  *,f  Jiif  At  &*<?*+*. 


source  to  tne  tube.  The  cesium  flew  rate  for  the  capillary  was  computed 
us.«.ng  the  equation  for  free  molecule  flow 4^ 


(1&9)  p. 


hr  Wiley  and  Sens,  Inc.,  Sol 
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n^s  (»cles/sec)  " 1.569  x 10“^ 
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where 


K-  - <1  ♦ J £) 

4 0 * 

't  - length  cf  capillary,  cat. 

a “ radius  of  capillary,  cm. 

P ■ vapor  pressure  of  Cs  in  source 

A “ * V 

M • atomic  wgt.  of  Ca  • 132 ,,91^ 

R • 62.36  mm.  liter  deg”1  ajoi“J 

T * absolute  temperature,  * X 

The  vapor  pressure  of  the  cesium  in  the  source  was  computed  using  the 

2 

equation  given  by  Du  simian 


fV  “ 9.66  ~ 


where  F p is  the  vapor  pressure  in  microns  and  T the  absolute  teanperature s 
During  the  fabrication  of  the  cathode  at  19CTC.  it  was  of  interest  to 
investigate  the  effect  cf  stopping  the  cesium  addition  at  various  stage* 
in  the  processings  This  was  accomplished  by  momentarily  opening  the  oven 
door,  placing  a piece  of  cotton  saturated  with  water  on  the  cesium  source, 
and  trap  oloa:.  ng  the  door.  The  cesium  vapor  pressure  in  the  source  was 


I-  i -r  .o  /v*  * ~ 'i  -* 
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In  ths  preparation  of  the  cathodes  it  was  highly  desirable  to  repro- 
duce t.he  tube  geometry  as  closely  as  possible.  Consequently  the  same 
cathode  vac  used  in  the  preparation  of  PT  1*6-  U7>  U8  and  1+?.  After  each 
run  the  tube  seal-offs  were  opened  arid  the  surface  and  tube  envelope  cleaned 
by  washing  with  6u  HSO^  followed  ty  rinsing  with  distilled  water.  Tor  the 
tubes  PT  1*6,  U7,  and  Ub,  tha  same  capiULary  was  also  used,  so  that  for 
these  three  tubes  the  actual  cesium  flew  rates  were  identical. 


The  variables  which  ware  investigated  using  the  massive  cathode  tubes 
were  as  follows  : 


1.  Pr  4u  TE  Develop»ent  of  •whermiordc  emission  with  a constant  rate 
of  cesium  addition. 


2..  PT  U6  TE  Development  of  thermionic  and  photo  electric  emission 
with  a constant  rate  of  cesium  addition.  The  cesium 
source  was  cooled  once  during  the  run a 

3-  PT  u7  TE  Variation  of  the  thermionic  and  photoelectric  emission 
with  cooling  of  the  cesium  source.  Cathode  oxidized 
to  a brilliant  gre<sn,  1.71  x 10"b  mol«  of  C. 

li.  PT  U8  TE  Similar  to  PT  U7  T£.  Cathode  oxidation  barely  percep- 
tible, 0.938'  x 10”^  mole  of  0. 


5.  PT  U9  TE 


Similar  to  PT  u7  TE.  Cathode  oxidized  to  a black  color, 
3.5  x 10--5  mole  cf  C.  Cesium  flow  rate  increased  from 
7.2  x 10-8  to  38.8  x 10~8  mole  per  minute. 


Pertine  t data  for  the  fabrication  of  these  cathodes  are  presented  in  Table  1. 
The  times  given  for  the  deposition  cf  a cesium  monolayer  on  the  cathode  at 
190*  and  100*C  were  computed  by  assuming  a cathode  area  cf  21*1  cat^,  a cesium 
atom  radius  of  3.0A,  cubic  packing  of  the  cesiua  on  the  surface,  and  the 


calculated  cesium  flow  rate. 


Table  1 


Sxperlmerital  rube  Data 


Oxygen  (Atoia  Mol.  x iO^) 

1.30 

1.35 

1.71 

0.938 

3.5 

Cs  (lyj  *C«  Moles/Min  x 10®) 

15.1 

7.2 

7.2 

7 = 2 

38.8 

Tins  for  Cs  Monolayer  19C?  C 
(Kin.) 

0,06b 

0.133 

O.loi 

0=133 

0.021*8 

Tiae  for  Cs  Monolayer  100  \ 
(Kin.) 

U9 

103 

103 

103 

19=2 

1st.  Max.  Thermionic  Saission 
(n  x 1CP  Raip  s ) 

3hS 

U20 

320 

U60 

— 

2nd.  Max.  Thermionic  Saission 
(«t  x 1CP  Range) 

55o 

870 

2300 

2000 

525 

Cool  Cs  Bax  Thensicnie  Baiasion 
(m  x I0S  Range) 

5700 

5ii5o  1600 

final  Photos  ene . (P2 /fl) 

0.158 

0.61U 

0.512 

o,S55 

final  Pnotoaenso  (?5/Fi) 

Q.QGii 

0.  Iii8 

0.102 

0.128 

Pinal 

Photosens.  Peak 

X (»u) 

970 

950 

920 

Final 

Fhotosena » loxig 

X limit 

>i5oo 

1550 

1300 

Pinal 

Photosene.  ^ aax 

: current  A 

1.075 

1085 

1015 

rtlacaafllofl  of  Results 

The  investigation  of  the  effect  of  cesium  addition  oa  the  thermi- 
onic and  photoelectric  end.  as  ion  has  d,t  -'nstrated  that  the  general  charac- 
teristics cf  the  iiassive  cathoue  during  fabrication  at  190  "C  are  reproducible= 
Therefore,  tc  avoid  unnecessary  repetition  cf  the  data,  the  results  are 
Dree  anted  in  +«r^r  ,f  The  puau^mena  invest  igatecu 


i , 


Composition  and  Thermionic  K*d«slon 

Throughout  the  fabrication  of  PT  Ui  TE  the  cesiua  addition  rate  was 
constant  at  190 *C.  Consequently,  for  this  cathode,  the  gross  composition 
within  the  tube  may  be  expressea  in  terms  of  the  Cs/u  mole  ratio  using  the 
calculated  cesium  flow  rate  and  the  observed  amount  cf  oxygen  deposited 
(hiring  the  oxidation.  The  cesium  flow  rate  in  moles  per  minute  after 
correction  fo:  the  initial  heating  to  190  *C  ia 
* 7.9  x 10-7  «.  7,2  x 10-8  (t  - 2ii) 

where  t is  the  time  _n  minutes.  Since  1.35  x 10“5  gram  atomic  weight  of 
oxygen  was  deposited  during  the  oxidation,  the  Cs/0  mole  ratio  after  2u 
minutes  is 

(Ca/c)-  5.33  x 10-3  t - 7.03  x 1CT2. 

The  therauonic  emission  of  PT  hk  TE  as  a function  of  time  and  the 
(Ca/0)  mole  ratio  is  shown  in  Fig.  3.  The  character  of  the  current  being 
measured  was  determined  by  measuring  the  current  as  a function  cf  voltage* 
During  the  first  50  minutes  and  beyond  200  minutes  the  current  was  propor- 
tional to  the  voltage  corresponding  to  an  ohmic  conduction  current.  In  the 
region  between  90  and  190  minutes  the  voltage-current  relationship  exhibited 
a saturation  effect  corresponding  to  thermionic  emission. 

The  thermionic  emission  versus  time  curve  i or  PT  ill  Id  has  two  maxima. 
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and  the  second  ma;<lsuai,  at  minutes,  occurs  at  a gross  Cc/o  ratio  of 
1.71,  The  rapid  decrease  in  the  thermionic  emission  betvt  en  lc'0  and  170 
minutes  extrapolates  to  sere  thenaicnic  smisei  on  at  Cs/Q  equal  tc  2 . 13, 
hr  the  seri eo  cf  tuiw-s  the  "irs”-  thermionic  arissi  n maximum  was  •' beervad 
tc  occur  . u , H + ii.  m > at.  f ; r.e  requi  re«i  to  reach  the  secud  maxi  mum. 


r.  trio 


In  the  figure  it  is  interesting  to  note  that  the  thmrmionic  emission 
did  not  appear  to  a significant  degree  until  the  gross  composition  was 
beyond  C82O3.  Furthermore,  the  conduction  current  associated  with  excess 
cosiu*  did  not  increase  rapidly  until  the  composition  0*2.25^  was  paaas^L, 
According  to  the  phase  diagram  the  equilibria*,  phases  at  190 °C  as  ceeiisa 
is  added  to  oxygen  are  02(g)  - Cs02(s),  Cs02(#)  - ^^(s)  - C*20(9), 

and  Cs20(s)  - Cs2>  )•  Thus  if  the  system  were  at  equilibrium  the  liquid 
phase  cesium  saturated  with  oaQrgen  (CS2  ^0)  would  not  appear  until  the 
Ca20  composition  is  passed.  A priori,  it  would  be  anticipated  that  as  the 
surface  cf  Cs20  van  covered  with  excess  cesium  the  thermionic  emission 
would  rapidly  decrease  as  the  work  function  was  increased  toward  the  value 
for  cesium.  Actually  the  thersionic  amission  is  observed  to  decrease 
before  the  calculated  Cs^O  composition  is  passed. 

Though  -he  compositional  data  are  consistent  with  the  chemical  pro- 
perties of  the  cesium  oxides,  there  exists  considerable  uncertainty  in  the 
actual  (Cs/o)  mole  ratio  for  the  cathode.  The  amount  of  oxygen  deposited 
during  the  oxidation  is  known  only  to  . The  actual  vapor  pressure  and 
molecular  weight  of  the  cesium  are  not  accurately  known  for  the  experimental 
temperature  range.  The  equation  used  to  calculate  the  cesium  vapor  pressure 
was  determined  by  a positive-ion  method  and  consequently  is  the  vapor  pres- 
sure in  terse  of  cscium  ctcns,  without  considering  the  squilibriu®  distri- 
bution of  cesium  between  Ce2  and  Cs.  Consequently  the  actual  flow  rate  in 
atoms  per  minute  cculd  be  less  by  a factor  of  YT  if  the  cesium  were  pre- 
sent as  Cs2.  in  addition  to  the  above  uncertainties  the  extent  to  which 
cesium  is  sorbed  by  the  glass  envelope  of  the  tube  is  unknown . It  is  in- 
teresting tnat  the  major  errors  would  tend  to  reduce  further  the  actual 
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Photoelectric  &dssion  Tarsus  yi*a 


The  development  of  the  photoelectric  and  thermionic  emission  during 
the  cesium  addition  was  investigated  with  tube  FT  U6  T2.  In  the  prepara- 
tion of  this  cathode  the  cesium  rate  vas  reduced  to  7.2  x 10"®  mole  per 
"iivi-er  with  this  rata,  corresponding  to  the  deposition  of  a eesiua  mono- 
layer  every  0.133  minutes,  it  was  anticipated  that  the  rate  of  the  chemical 
reactions  at  the  cathode  wuld  be  rapid  compared  to  the  rate  of  cesium 
deposition,.  Thus  the  cathode  surface  would  be  at  chemical  equilibrium 
during  the  cesium  addition.  Actually  this  proved  to  be  an  invalid  assumption. 

The  thermionic  and  photoelectric  emission  versroa  time  data  for  T7  lt6  T£ 
are  shewn  graphically  in  Figs.  liA  and  UB.  The  thermionic  emission  curve 
is  similar  to  the  curve  for  PT  Uk  Tl.  The  photoelectric  emission  for  the 
series  of  ill  tars  exhibits  two  maxima  coinciding  with  the  time  of  appear- 
ance of  the  thermionic  maxima.  From  the  figure*  it  is  evident  that  the 
thermionic  and  photoelectric  emissions  chiring  cesium  addition  do  not  exhibit 
a 1 ; 1 correlation.  The  second  maximum  in  thermionic  emission  at  395 
minutes  corresponds  tc  twice  the  emission  at  the  first  maximum.  The  f5 
infrared  responses  at  the  two  peaks  in  thermionic  emission,  however,  are 
equal.  The  pi  and  F2  responses  at  the  second  maximum  are  slightly  greater 
than  at  the  first  thermionic  emission  maximum. 

During  the  preparation  of  this  cathode  the  cesium  source  was  coolea 
from  3k5  to  355  minutes  by  placing  moistened  cotton  on  the  cesium  source 
bulb.  The  thermionic  emission  imediately  increased  to  a maximum  and  them 
decreased  as  indicated  by  the  dotted  curve  in  Fig.  kA.  The  photoreaponse 
also  exhibited  a marked  increase  as  shown  by  the  dotted  curve  in  Jig.  kBo 
Actually  cooling  the  cesium  source  doubled  the  |5  infrared  response.  Con- 
siuariujj  tiie  Uv3  ox.  '-j;o  Ixitex-s,  Uie  onanges  m spectral  response 
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accompanying  the  cooling  of  the  cesium  source  suit  correspond  to  a marked 
development  of  infrared  sensitivity  in  the  region  beyond  880  This 

behavior  on  cooling  the  casiua  clearly  dencnstratea  that  the  rate  of  the 
reactions  at  the  surface  actual ly  is  a 1 ewer  than  the  rate  of  cesium  deposition. 
The  eeaiuaa  addition  to  FT  U£  TE  was  continued  until  the  thermionic 
emission  had  decreased  from  870  (xb  x 1q5)  range  to  91  am  on  the  10®  range. 

As  cesium  was  added  beyond  the  second  maximum  in  thermionic  enissicn,  the 
infrared  sensitivity  steadily  decreased  while  the  visible  (71  - f2)  response 
steadily  increased.  Cooling  the  cathode  to  room  temperature  resulted,  in 
an  increase  in  the  71  response  without  ary  significant  change  in  72.  This 
would  indicate  that  the  spectral  response  was  increasing  at  wavelengths 
shorter  than  775  ap. 

Effect  of  Cooling  the  Cesium  Source 

The  change  in  the  thermionic  and  photoelectric  emission  when  the 
cesium  source  is  cooled  was  investigated  during  the  fabrication  of  FT  1|7# 

L.8,  and  U9.  The  general  characteristics  of  the  effects  are  best  illustrated 
by  the  data  for  IT  U7  TE. 

In  the  preparation  of  FT  u?  TE  the  cathode  was  oxidised  to  a brilliant 
green  corresponding  bo  the  deposition  of  1.71  x 10"^  gram  atom  of  oxygen. 

The  rate  of  cesium  addition  at  190  was  the  same  as  for  PT  ii6,  namely 

Q 

7.2  x 10“°  sole  per  minute.  Tha  calculation  of  the  Cs/0  ratio  as  a function 
of  time  was  not  attempted  because  of  the  uncei'tainties  introduced  by  the 
periodic  cooling  of  the  cesium  source. 

Tha  changes  in  the  thermionic  and  photoelectric  emission  of  PT  l»7  TS 
when  the  cesium  source  was  cooled  at  various  processing  stages  are  shown 
in  Figs.  5 and  6.  In  the  thermionic  emission  region  before  the  first 
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maximum,  cooling  the  cesium  source  results  m a rapid  decrease  in  the  ther- 
mionic and  photoelectric  omisEion  as  shown  by  Fig.  $A-  Ab  the  first  maxi- 
mum is  approached,  cooling  the  cesium  source  results  in  an  initial  increase 
in  both  the  theiaionic  and  photoelectric  emission,  followed  by  a decrease 
to  & value  less  than  existed  before  coolings  Reintroducing  cesium  causes 
the  emission  to  increase  to  a second  iwim  followed  by  a decrease  tc  tha 
original  value  observed  before  the  cesium  was  cooled.  In  PT  U7  TE  the  first 
PLcit annn  occurred  at  395  minutes.  Thus  the  curves  in  Figs.  5B  and  5c  illus- 
trate the  changes  in  thermionic  emission  in  the  region  of  the  first  maximum. 
It  is  of  interest  to  note  that  corresponding  to  the  decrease  in  thermionic 
emission,  the  infrared  emission  decreases  without  a marked  change  in  the 
(FI  - F2)  response.  This  suggests  that  there  actually  exist  two  photo- 
electron  sources  giving  rise  respectively  to  visible  and  infrared  sensiti- 
vity, the  latter  being  related  to  the  thermionic  emission. 

As  the  second  maximum  in  thermionic  emission  Is  approached,  cooling 
the  ceeiun  source  results  in  a rapid  increase  In  the  thermionic  and  photo- 
electric emission,  followed  by  a slow  decrease.  The  rate  of  decrease  of 
emission  beyond  the  peak  value  decreases  on  approaching  the  second  marl  mum 
(compare  Fir 5 5c  “to  Fig.  6d).  Cooling  the  cesium  source  at  510  ai antes 
(second  maximum  in  thermionic  emission  at  500  minutes)  resulted  in  azf  in- 
crease in  the  thermionic  and  photoelectric  emission  to  a stable  maxi  mum 
value  as  shown  in  Fig,  6g.  The  momentary  warsdng  of  the  cesium  source  at 
531  minutes  produced  an  immediate  decrease  in  the  emission.  Recooling  the 
cesium  source  restored  the  amission  to  the  original  veiue.  Considering 
uiiai.  irue  cai  cu  ■ >i.mi  iait  ctrotUBi  addition  correspouci'  Uj  the  uopwSi  vioti 
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190  tl,  ths  rapid  rate  of  decrease  ir>  tfteimionie  erciseion  with  wainir^;  of 
the  cesium  source  is  rather  sarprising.  The  cooling  of  the  tabs  during  the 
momentary  opening  of  the  oven  door  would  contribute  to  this  decrease; 
however,  receding  the  ceaiua  source  resulted  in  aa  ianediata  Increase. 
Actually  the  tine  required  to  place  the  moist  cotton  on  the  ceeiisa  source 
i*  significantly  longer  than  is  required  for  its  ramoval.  Thus,  the  amount 
of  cesium  required  to  depress  the  emission  of  the  "stable*  surface  at  190*C 
is  very  small.  It  is  shewn  in  Fig.  6 1 that  addition  of  ceeium  prac- 

tically eliminates  the  F5  sensitivity;  thus  the  long  wavelength  limit  shifts 
toward  the  visible  upon  adding  a small  amount  of  ceeium. 

At  5UB  minutes  the  cesium  addition  was  resumed,  and  within  2*5  minutes 
the  thermionic  and  photoelectric  emission  had  decayed  to  values  less  than 
existed  at  the  second  maximum  in  thermionic  emission.  The  cesium  addition 
was  continued  for  approximately  ten  minutes  and  the  cesium  source  recooled0 
The  thermionic  and  photoelectric  emission  again  increased  to  ths  maximum 
values,  but  at  a slightly  lower  rate  than  at  the  previous  cocling  (10  min- 
utes compared  to  8 minutes  to  obtain  maximum  amission).  The  entire  tube 
was  finally  cooled  to  room  temperature,  producing  a further  increase  in 
ths  infrared  sensitivity  as  discussed  in  the  following  section o 

The  variation  of  the  thermionic  and  photoelectric  amissions  os  coolxng 
and  re  warn!  nr  the  cesium  source  indicate  th*t  th*  rheeicel  reaction*  in- 


volved in  the  removal  of  the  cesium  fro*  the  surface  of  the  cathode  are 
actually  slow  reactions.  In  Figures  5B  and  5c  the  second  maximum  in  the 
emission  formed  daring  tne  reintre  diction  sf  cesium  yvobebl y cuiXTWjpui«hi 
to  the  surface  ccj^xjBlti on  passing  through  the  critical  composition  asso- 
ciated with  the  initial  maximum  on  co./iin*  the  reeinm. 
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decay  after  passing  the  maximum  emission  with  the  cesium  source  cooled, 
the  cesium  content  of  +he  •surface  is  decreased  below  the  optimix  value  for 
infrared  emission*  The  fact  that  the  (fl  - 72)  response  is  not  appreciably 
changed  indicates  that  the  major  change  is  occurring  at  rfavelengths  longer 
than  900  x p. 


The  Effect  of  Temperature  on  Photo  sal saxon 

After  tlie  therxicnic  emission  and  photo-emission  for  PT  Li  Ti  became 
stable  at  191  *C  with  the  ceaiux  Bource  cool,  the  entire  tube  was  quickly- 
cooled  to  room  teeiperature  'ey  opening  the  oven  door.  During  the  cooling 
process  there  was  a very  marked  Increase  in  the  infrared  response  as  shevn 
in  Fig.  7A.  The  F5  response  ( ^ >88C»|x)  tripled  when  the  cesiua  source 
was  cooled  at  190 cooling  the  tube  to  room  temperature  alraoet  tripled 
the  response  again.  Ikiring  this  process  the  Fl  - F2  response  did  not  sig- 
nificantly change,  and  thus  during  the  cooling  cf  this  tube  the  changes  in 
the  pbotoecisaive  characteristics  are  occurring  in  the  infrared  region 
beyond  880  a ^ 

The  tube  PT  U8  TS  was  prepared  using  the  same  tube  and  capillary  used 
in  the  preparation  cf  PT  u7  TK»  The  amount  cf  oxygen  deposited  during  the 
oxidation,  hoverrxr,  was  decreasao!  fren  1.71  x 10”-  to  0.938  x 10”^  gram 
atox  of  oxygen.  th  this  extent  of  oxidation  the  silver  grain  structure 
of  the  base  war*  readily  visible  through  the  oxide  coat.  The  tube  was  fab- 
ricated at  190 cC,  using  the  saae  procedure  as  in  the  preparation  of  PT  U7  TK. 
Alter  ir«  secv^d  — i.c o-  : m thermionic  aaission  was  passed,  the  cesiux  source 
was  ana  „he  tnermionic  ana  pneto* j ectric  esrission  increased  uo  cun- 

<*!.«.•  .aloes  ai  190*C^  The  x-xlniox  thermionic  emission  was  (tm.  x 2 0^} 
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source  increased  the  thermionic  emission  from  20CO  to  51*50  (am  x 10?)  range, 
and  the  F2  response  from  160  to  2p0  (ram  x 10^)  range,  with  no  appreciable 
change  in  the  Fi*  end  J$  responses.  Thus  in  PT  1*8  T5S,  cooling  cesium  source 
modified  the  photo  amis*  ion  characteristics  in  the  775  to  680  ^ region. 

After  the  emission  with  the  cesium  source  cooled  had  stabilised  at 
190*c,  the  entire  tube  was  cooled  to  room  temperature.  The  cooling  in  this 
case  was  slowed  down  at  155®C  by  closing  the  even  door,  the  oven  heater 
being  set  to  control  at  ItO  - l50»C.  As  shown  in  Fig.  7B  a significant 
increase  in  the  infrared  response  was  obtained  during  the  cooling  to  155*C. 
Cooling  the  tube  to  lUO^C  in  the  oven  resulted  in  alight  increase  in  the 
fl  end  F2  responses.  The  oven  door  was  then  opened  and  the  tube  cooled  to 
rcai  temperature.  During  this  period  there  w as  a further  increase  in  the 
response o 

In  the  preparation  of  PT  1*9  TB  the  same  cathode  as  for  FT  1*7  TE  was 
used  but  the  oxygen  content  was  Increased  from  1.71  to  3.5  x lO-^  mole  of 
0,  and  the  cesium  flow  rate  was  increased  froa  7.2  x 10*8  to  38.8  x 10*^ 
mole  par  minute.  During  the  fabrication,  the  cesium  source  of  PT  1*9  TB 
was  cooled  three  different  times  after  the  peak  in  thermionic  emission  urns 
passed.  The  peak  during  the  cesium  addition  was  525  (ram  x lo5 ) range,  ?nd 
before  the  third  cooling  the  emission  had  decreased  to  150  (mm  x lo5)  range. 
Cu.  cooling  of  t ha  CmIum  source,  the  thcinicnic  emission  rapidly  increased 
to  1250  m»,  with  the  Fl  and  ?2  responses  increasing  from  870  to  11*00  and 
190  to  61*0  (mm  x ia5)  range  respectively,  .he  entire  tube  was  then  cooled 
to  room  tesroerature  at  26l*  minutes.  The  obotoaalssion  increased  during 
cooling:  as  shown  in  Fig.  7C.  The  surface  at  room  temperature  exhibited  a 
* fatigue*  affect  on  prolonged  illurr-inaticn  through  Fl  »nd  F2.  This  "fatigue” 


effect  produced  the  decreases  in  ?1,  72,  73,  and  Fii  sensitivity  as  shown 
at  279  minutes  in  Figs  7C.  There  was  & partial  recovery  of  sensitivity 
during  the  dark  period.  The  tube  was  then  reheated  to  i 9C  *C  with  the  ceeium 
source  cold.  During  the  heating  period  the  photoeadstion  remained  rela- 
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to  the  original  190  *C.  values*  Thus  the  phenomenon  of  increasing  photo- 
sensitivity on  cooling  from  190  *C  proceeds  in  a reverse  direction  during 
heading  to  190*0. 

Spectral  Responses  cf  Final  Cathodes 

The  Beckman  DU  spectrophotometer  spectral  responses  of  the  tube*  FT 
1x7 , U8,  and  lx 9 TB  were  measured  after  the  tubes  had  been  cooled  toioca 
temperature  at  the  end  of  the  run.  The  response  characteristics,  uncor- 
rected fcr  the  quarts  prism  dispersion  or  the  lamp  energy  distribution,  are 
shown  in  Fig.  8.  The  infrared  response  of  PT  h9  corresponds  to  the  class 
III  infrared  response  described  in  the  previous  report,  while  FT  U7  and  U8 
correspond  to  class  I?. 

In  the  preparation  cf  FT  hi  and  U8  the  cesium  addition  was  discontinued 
shortly  after  the  second  maximum  in  thermionic  emission  was  passed.  In 
PT  ixB  TS  the  oxygen  content  of  the  surface  is  55%  of  that  in  PT  ii9  T1 . 

Though  these  two  cathodes  differ  appreciably  in  sensitivity  they  are  similar 
in  that  the  long  wavelength  limits  vsceed  1500  m ix,  and  the  half  maxi  cam 
phot c current  wavelengths  are  1075  and  1065  mp  for  FT  U7  and  1x3  respect ively. 

Tn  the  preparation  of  PT  /: 9 the  surface  was  f id di z ed  to  give  a blank 
oxide  film  containing  u'5  x I0“5  gram  atom  of  oxygen.  Simultaneously  the 
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cesium  addition  rate  was  increased  from  1.2  x 10"°  to  38.8  x 10“ - moles 


per  minut*.  This  rate  of  addition  correspond*  to  depositing  1+0.3  layers 
or  cesium  per  minute,  as  compared  to  7.5  layers  per  minute  in  FT  It?  and  U8. 

Aftt*x  cooling  and  rohcating  FT  h?  TS  to  !90*C  a?  dA«*niss»d  -in  the 
previous  section,  the  cesium  source  was  warned  and  cesium  added  until  a 
oorrhir.td on  rurrent  appeared.  The  cesium  source  was  then  cooled.  The  con- 
duction current  gradually  decreased  and  thermionic  emission  returned. 

The  thermionic  emission  increased  to  1050  (ks  x 10“^)  range,  whereas  the 
earlier  maxisniin  was  1600  (msi  x 10"^)  range.  The  infrared  bensitivity  lost 
during  the  addition  of  the  excess  cesium  returned.  Actually  the  raapcnse 
obtained  with  the  various  filter*  was  comparable  to  that  obtained  during 
the  first  cooling  of  the  cesium  after  passing  the  maxisaui  thermionic  snis- 
sion.  Cooling  the  tube  to  roc*  temperature  resulted  in  an  increase  in  the 
sensitivity  as  obeervad  sarlier  in  the  processing  (Fig.  7C).  The  spectral 
response  of  the  cathode  after  cooling  to  room  temperature  is  typical  of 
the  commercial  S-l  surfaces  that  have  been  examined  in  this  laboratory. 

In  the  previous  quarterly  report  this  spectral  response  was  designated  as 
class  III. 


C.  FBCroSURFACE  CCMP0SITI0I 

As  discussed  in  the  previous  report,  the  photosurface  composition  is 
to  be  investigated  by  using  radioactive  c&sixes  and  by  x-ray  deffractton 
method*.  The  radioactive  cesium  composition  determination  will  provide 
data  on  the  gross  compost ticn  of  the  surface,  while  the  x-ray  diffraction 
investigation  win  provide  a leans  for  determining  t he  principal  consti- 
tuents. During  the  past  quarter  the  compositional  study  b^en  restricted 
tv  who  pf: v ax opasat  of  the  technique  C:r  preparing  tie  i-ll  tl  rh-r-t-'- 
surface  tuid  deteroimug  the  groat  comix.ai  ii 
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?ar  the  tracer  experiments  the  vube  design  discussed  in  the  previous 


report  has  been  adopted  as  standard.  She  procedure  for  the  fabrication 
of  the  tube  has  been  modified  to  correspond  to  the  procedure  used  In  the 
preparation  of  FT  V7,  16,  and  k$.  With  this  procedure  in  which  the  ther- 
mionic and  photos  In  c trie  emission  are  cont-iBuo^ely  Aetenuined.  it  ahouid 
be  possible  to  control  readily  the  processing  conditions. 

Several  experimental  tubes  have  been  prepared  in  which  radioactive 
cesium  Y8U  used.  These  cathodes,  however,  did  not  develop  the  desired 
infrared  sensitivity . During  their  fabrication  significant  thermionic 
emission  was  not  developed,  and  the  cathodes  did  not  possess  the  desired 
infrared  response  characteristics.  &e  final  compositions  of  these 
cathodes  ranged  from  Cbq  7- 0 to  Csq^^C.  lor  the  C3q  _ tube  the  photoelec- 
tric response  maximum  van  at  piO  e*i,  while  the  C«iq8^q0  maximum  was  at 

915  n*. 

The  range  of  composition  obtained  in  these  cathodes  is  in  part  related 
to  the  technique  previously  used  in  the  oxidation  of  the  silver  film.  The 
cathodes  are  given  a preliminary  oxidation  prior  to  outgoes Log,  in  order 
to  roughen  the  silver  surface.  During  this  initial  oxidation  it  has  been 
difficult  to  initiate  the  oxidation  in  the  glow  discharge. 

Consequently  the  oxidation  was  lerfonaed  in  the  ah  normal  glow  discharge 
region  and  sasta  silver  may  have  been  sputtered  on  toe  tone  walls.  Dpuw cored 
silver  which  could  be  oxidised  during  the  second  glov  discharge  oxidation 
vould  result  in  an  error  in  the  determino*-'  7“  ^ -cne  amount  of  oxygen 
deposited  on  the  cathode.  The  Iju.  liculty  is  being  corrected  by  preliminary 
oxidation  of  the  cathode  in  a separate  vacuum  system  followed  by  decompo- 
sition of  the  oxide  at  3r>C*C.  After  the  oxidetion  characteristics  of  tJ* 


cathode  are  determined,  it  is  mounted  in  a tube  envelope  and  a tube  a 
fabricated  using  the  procedure  described  in  the  first  section  of  this 
report.  9$  this  means  it  has  been  possible  to  prepara  silver  f tin  surfaces; 
vhich  appear  to  oxidize  satisfactorily  vhen  mounted  in  an  experimental 
tube.  The  cause  of  the  Initial  FBftXBsanca  so  c>x  ujh^, nm  ao  u p? *» nt 
unknown.  It  is  possible  that  absence  of  appreciable  thermionic  emission 
during  the  cesium  addition  to  the  tubes  was  related  to  the  distribution 
of  the  oxide  in  the  silver  film. 

D.  TBS  CBISTAL  3TBUCK&I,  OF  CS&ZTV  MQSCttIDX 

A previous  report  on  the  crystal  structure  of  eesltm  m>>noxidft  based 

/* 

essentially  upon  x-ray  powder  data  has  indicated  that  the  orange -yellow 
oxide  of  cesium  crystallizes  in  the  rhcabobedral  system  in  acti-CaCi^ 
type  layer  structure  the  observed  parameter  of  cesium  ions  in  the 

unit  cell  being  u - Q.242,  as  compared  with  u - 0.25  reported  by  Belas 
and  Fleam . This  gives:  Ce+  - 0*  - 3 .Oil , in  good  agreement  with  the 

value  expected  from  the  known  ionic  radii  of  Ce+  and  0";  and  Ca+  - Cs+  * 3-77A, 
which  is  still  considerably  higher  than  • 3*3^A*  In  this  type  of 

layer  structure,  one  layer  of  Cs+  may  be  regarded  as  being  sandwiched 
between  another  layer  of  Cs*  and  a layer  of  0",  so  the  Ss4  ions  are  expected 
to  to  appreciably  polsri**^;  aiao.  there  will  be  considerable  electrostatic 
repulsion  betvw^u  the  two  neighboring  Cs4  layers;  tfce&e  two  effects  vorkit? 
in  the  saae  direction  may  account  for  the  lon&  Cs4  - Ce4distance  . 

In  the  present  work,  the  single  -crystal  data  for  Cs^O  obtained  pre- 
viously have  been  csref  Lilly  treated  for  absorption  and  temperature  corns? - 
T.i-,313 , Wth  the  object  of  examining  'the  polarization  effect  from  the  electron 
d*c»<t y nap  r%e«t.ei-»ln±iig  the  puraweter  more  accurately. 


A normal  projection  of  electron  dbnaity  along  the  hexagonal  a-axls 


and  a line -section  through  the  c-axia  have  been  prepared.  These  give 

u » 0.2^3,  Cs4,  - 0*  ■ 3*0QA>  and  Ca+  - Cs*  « 3.8QA.  The  Ga*  appears  to 

• 

consist  of  an  essentially  spherical  core  of  About  39  electrons  and  0.9A 
in  radius,  and  a diffuse  shell  where  the  electron  density  contour  is  con- 
siderably affects  by  termination  errors  in  the  Fourier  synthesis. 

•a_sin^d 

Bu  waver , comparison  of  the  line- sec tiona  from  9 . • e °r  1 and  from 

c>  oba  a 

_5„«infe 

?capc . * e ’ consisting  of  the  seme  number  of  terms  indicates  that 

the  electron  density  in  the  diffuse  shell  of  the  Ce*  is  relatively  higher, 
by  3 - ^ electrons,  on  the  side  of  the  ionic  center  away  from  the  0“  layer 
than  on  the  side  near  the  0“  layer;  the  diffuse  shell  also  extends  farther 
on  the  aide  away  from  the  Cf*  layer.  Just  how  much  of  this  ie  due  to  pol- 
arization and  hov  muca  to  experimental  errors  In  the  observed  structure 
factors  i3  not  known. 

The  single  crystal  rotation  spots  exhibit  the  kind  of  layer -anearing 
disorder  recently  discussed  by  Brindley  and  Ogilvie  (Acta  Cryst.  £,  ^l2, 

1952)  for  the  case  of  fcrucite,  MglOR)^.  From  the  vertical  width  of  the 
001-reflections  on  the  a- axis  rotation  photograph  (CuK^),  the  extent  of 
shearing  disorder  in  the  CsgO  crystal  used  appe,  -a  to  be  quite  small:  only 

about  a 2* -bend  In  the  c-axi».  This  would  result  in  lengthening  the  Ce+  - Ce 
distance  about  0,06  A.  Consequently,  much  of  this  increase  mast  be  due 
to  the  polarization  errset.  A final  report  OH  tuib  bbf  lC  tUIXI  i PO 

NOTE:  this  report  it  is  understood  tr.it  a)  pro-.  :v.or.s  of  the  centric!  between  The  Kune,,, 

tion  «nd  the  Cooperator  and  pertaining  to  publicity  cl  surjevt  ma‘tr  wu.  he  r:p,,~iy  observed. 
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